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METHOD FOR M^LIFIGCTION OF RNA SEQUENCES 



The present invention j relates to a method for 
amplification of target PUA s<iquences, to primers for the 
5 amplification of target RNA s^^quences and to a kit comprising 

one or more of the primers. 

Nucleic acid amplification methods, wherein target 
RNA or DNA sequences are amplified, are generally applied in 
the field of molecular biolog}^, biochemistry and 
10 biotechnology and the possible applications are numerous and 
still increasing. The amplification methods increase the 
number of copies of a particu] ar •target nucleic acid- 
sequence/ which often is present An small amounts and in an 

environment in which a wide vs riety of other nucleic acids, 

■ 

15 both RNA and DMA/ are present.. 

Nucleic acid amplification methods -are in particular 
used to facilitate the detection and quantification of 
specific target nucleic acid sequences present in saiaples 
such as bloodr sperm/ tissue, pair/ microorganisms, cells, 

20 tumors etc., in diagnosing, for example, infectious diseases, 
inherited diseases, and variouls types of cancer. In addition, 
nucleic acid amplification mettiods have found their 
applications in other fields where samples are investigated 
in which informative target nucleic acids may be present in 

25 minute amounts, such as in foransic sciences and in . 
archeology or to establish paternity- 

several nucleic acid amplification techniques are 
known, like Polymerase Chain Reaction (PCR) and Transcription 
Based Amplification (TBA) , whibh are based on different 

30 mechanisms of action, but all depend on the annealing of one 

1 * * 

or more primers to the boundar ies of the target nucleic acid 
sequence or its complementary sequence. The annealing of a 
primer to the boundary of the :ar^et nucleic acid sequence is 
provided by the hybridiaation of a contiguous nximber of 
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nucleotides comprised in the orimer/ to a contiguous number 
of complementary nucleotides in the target nucleic acid 



Efficient hybridizati<^n of the primer generally 

requires at least 15 contiguotis complementary nucleotides. If 

less nucleotides are present/ the ratio between specific and 

* 

non-specific annealing of the primer decreases below a point 

where no longer effective amplification of the target nucleic 

■ 

acid can occur. The requirement of at least 15 contiguous 
complementary nucleotides/ however, limits the possibility of 
for example amplification of i:arget nucleic acids ire case 
only a consensus sequence of t:he target sequence can* be used^ 
especially in cases when all < eno types from target nticleic 
acids derived from organisms ] ike viruses, bacteria, and 
yeast, or from tissue specixnei s like blood, cells, tumors. 



and lymphoid fluids are to be 



amplified. When, due to genetic 



variation/ the consensus sequence may vary among individual 



species/ inefficient hybridize 



tion of the primers as a 



consequence of the presence oi non-cotaplementary nucleotides 



may occur. 

If several ^^genetic variations'' of a target • 
nucleotide sequence are known, 
nucleotides can be identified 



RNA viruses, such as parts of 
hepatitis C virus, are sometim 



• conserved stretches of 
and used for primer design. 



However, preferred conserved stretches in some species, like 



the coding region of the human 
es too small to be used to 



design efficient primers. In addition, even these conserved 

■ 

segments have a tendency to mutate, which is most pronounced 
in fast dividing organisms like viruses and bacteria/ 
resulting in a reduced ef ficien^cy' of hybridization of the 
primer* As a consequence, amplification may not occur, which 
is highly undesirable in for example routine diagnostics 
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since a false negative an«plif Uation result can have severe 
consequences for the patient toncerned. 

Therefore there is a <:lear need for an amplification 
method which allows for ampli :"icc.tion using small stretches 
of target rwa sequences and which method is less prone to 
mutations or genetic variations in the hybridizing segment of 

the target sequence. 

In the research that i.ed to the present invention it 
has been found that the above+mentioned problems can be 
obviated by an amplification Aethod comprising the steps of: 

(a) annealing a first priJier to the target RNA 
sequence, said first primtx comprising a hybridizing 
sequence, which is complea entary to and hybridizes to 
at least a first segment cf the target RNA sequence, 
operatively associated with a promoter sequence; 

(b) extending said first e rimer in a reaction 



catalyzed by a DMA polymei 



ase, forming a first 



25 



30 



RNA/cDHA hybrid nucleic acid molecule; 

(c) selectively removing the target RNA sequence of 
the first RNA/cDNA hybrid jixucleic acid molecule 
forming a first single stdanded cDNA sequence; 

(d) annealing a second primer to the obtained first 
single stranded cDNA sequemce, said second primer 
comprising a hybridizing sequence which is 
complementary to and hybricjizes to a first segment of 
the first single stranded cDNA sequence; 

(e) extending said second primer in a reaction 
catalyzed by a DNR. polymerase to form a first double 
stranded DNA molecule; and " 

(f) employing the first doible stranded DMA molecule 
of step (e) in the prepara:ion of a plurality of RMA 
transcripts that are complementary to the target RNA 
sequence in a reaction catalyzed by a DNA-dependent 

i 

i 
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RNA polymerase with specificity for the promoter 

sequence comprised in the j first primer; 

wherein the first priiiier comprises a hybridizing 

sequence of 7 to 14 nucleotides, a transcription enhancina 

■ 

5 sequence/ and an anchor which is capable of binding to a 

second segment of the target JiNA sequence, and/or wherein the 
second primer comprises a hybJridizing sequence of 7 to 14 
nucleotides, an amplification | enhancing sequence and an 
anchor which is capable of biijding to a second segment of the 
10 first single stranded cDNA. 

According to the present invention it has 
surprisingly been found that 4 reduction of the number of 
contiguous hybridizing nucleoilides in at least one of the 
primers still allows for a reliable amplification method if 
15 said primer additionally composes an anchor which binds to a 
second segment of the target ijilA sequence, which is not the 
hybridizing nucleotide sequenc:e, in such a way that .the 
anchor exposes the hybridising sequence to the first* segment. 
The use of an anchor in addition to a hybridizing 
20 sequence thus results in a twc-step annealing process; 
1) binding of the anchor to a segment of the target RNA 
sequence, designated as the second segment, and 2) 
hybridization of the hybridizing sequence of the primer to 
the contiguous complementary rticleotides of the target RNA 
25 sequence, designated as the first' segment, which steps can 
occur simultaneously or sequentially (i.e. first step 1 and 
then step 2 or first step 2 aiJd then step 1) . The anchor may 
bind specifically, but the andhor and hybridizing sequence 
may also together be responsible for the specific interaction 
30 of the primer to the target RNA, for example in case the 
anchor is 7-14 nucleotides in length and the hybridizing 
sequence is 13-7 nucleotides ii length, by which the anchor 
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and hybridizing sequence indejiendeiitly do not bind 
specifically, bUt the combination is specific. 

According to the invention, the number of nucleotides 
in the hybridizing sequence o the primers can be reduced to 
14, 15, 12, 11, 10, 5, S, Of nucieofcides. Due to the 
presence of the anchor in the primer, specific binding of the 
primer to the target nucleotide sequence will occur, 
regardless of the fact that the hybridizing part only 
contains maximally 14 nucleot;.des, and in itself would not be 
able to hybridize specifically. Thus, by the combination of 
the anchor and the hybridizing^' sequence specific binding of 
the primer to the target sequence is accomplished. 

The method according tio the invention is further 



30 



explained referring to Figure 



16, wherein a preferred 



embodiment of the method is sllown. During the first step the 
PNA anchor present in the first primer (PI), usually 
designated as the forward priiier, binds to a segment of the 
target RNA sequence (RNA.+) . Svlbsequently, the hybridizing 
sequence (H) of the first prialer hybridizes to the first 
segment of the target RNA. seqdence. i 

After annealing of th^ first primer to the target RNA 
sequence, the primer is extenced using a DNA polymerase, such 
as the avian myeloblastosis virus (AfclV) reverse transcriptase 
polymerase. The DNA polymerase will copy the target RNA 
sequence forming a first RNA/ dDNA hybrid molecule. 

Simultaneously, or subsequently the target Kto. 

^ » 

sequence is selectively removed, preferably by enzymatic 
digestion with for example an (RNase. The resulting first 
single stranded cDNA sequence 
for the subsequent step in the 



(DNA-) is used as a template 
'.amplification process. 



■ 

This subsequent step r squires the annealing of a 
second primer {P2), usually designated the reverse primer, to 
the formed first single stranded cDMA. According to the shown 



I 
* 

i: 
I 

i: 



» . 
t • 
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embodiment, the second primer .also comprises a hybridizing 
sequence (H) which is complem sntary to and hybridizes to a 
first segment of the single s :randed cdna^ an amplification 
enhancing sequence (X) and a :?NA anchor which is capable of 
specific binding to a second ^-egment of the first single 
stranded cDKA secjuence. j' 

According to the present invention, both the first 
and second primer, or only tho first or second primer, may 

comprise a short hybridizing i sequence and an anchor, 

« * 

In a subsequent step c f the amplification method, the 
second primer is extended by the AMV reverse transcriptase 
polymerase using the first single stranded cDNA sequence as a 

r 

template resulting in a first jdouble stranded DNA molecule 
including a double stranded promoter sequence derived from 
the first primer. 

This first double strsnded DNA molecule is 

« 

subsequently used for the preparation of a plurality of RNA 
transcripts (RNA-) by a DNA-dependent RNA polymerase. The 
seqpience downstream of the pre motor site is used as template 
meaning that the RNA transcripts Will not include the anchor 
sequence of the forward primei 1 

It will be obvious for the person skilled in the art 
that the choice of the DMA-dependent RNA polymerase is 
dependent on the choice of the .promoter sequence in the first 
primer. In a preferred embodiwent of the present invention, 
the promoter sequence is the T7 promoter sequence and the 
DNA-dependent RNA polymerase is the T7 polymerase. 



embodiment, the method 
ther comprises the following 



In a further preferred 
according to the invention fur 
steps : 

(g) annealing of the seconji primer to the RNA 
transcripts produced in st *p (f); 



I 
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(h) extending the second Primer in a reaction 
catalyzed by the DNA polymerase to form a second 
RNA/cDNA hybrid nucleic a^id molecule; 

(i) selectively removing ihe RNA of the second 
RNA/cDNA hybrid molecule to obtain a second single 
stranded cDNA molecule; | 

(j) annealing the first primer to the obtained second 
single stranded cDNA sequince; 
(k) extending the 3' end ojf the second single 
stranded cDNA molecule in|a reaction catalyzed by the 



DNA polymerase using the ^irst primer as a template 
to form a second partly d<|uble stranded DNA molecule 
comprising a double stranced promoter site; 
(1) employing the second lartly double stranded DNA 
molecule of step (k) in tte preparation of a 
plurality of RNA transcripts complementary to the 
target RNA sequence in a leaction catalyzed by the 
DNA-dependent RNA polymerase with specificity for the 
promoter sequence in the lirst primer. 

These additional steps of the amplification method 
according to the present invertion result in a self -sustained 
{or cyclic) amplification of tjhe target RNA sequence, which 
is also schematically represerjted in Figure 16B. 

In a preferred embodiaijant- of the present invention, 
the first primer comprises, goiing from the 5' end to the 3* 
end, an anchor, a transcriptio|n ehhancing sequence, and a 
hybridizing sequence consistinjg of 7 to 14 nucleotides which 
are complementary to a first slegment of the target RNA 



sequence of 7 to 14 contiguous 
In a further preferred 
comprises of, going from the 5 



an amplification enhancing seqaence, and a hybridizing 



nucleotides . 
embodiment/ the second primer 
eftd to the 3' end, an anchor, 



sequence consisting of 7 to 14: 



nucleotides which axe 
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compleaientary to a the first -Segment of the first single 
stranded cDtiA sequence of 7 to 14 contiguous nucleotides. 

Preferably, the hybri<idzing sequence of the first and 
second primer comprises 7 to nucleotides which aT:e 
complementary to a the first Ajegicent of the RNA target 
sequence or the first single i branded cDNA sequence of 7 to 
10 contiguous nucleotides/ rejspectively. 

Due to the presence oi'^ the anchor, the primer is able 
to bind specifically to the target RNft. sequence. The 
hybridizing sequence alone would not be able to bind 
specifically, due to its short length. 

According to the invei|tion, the anchor can be any 
compound which is capable of binding to a second segment of 
the target RNA sequence. The einch'or preferably is an, 
optionally modified, oligonucleotide or a protein. Preferred 
is an, optionally modified, oligonucleotide which comprises 
7-22, optionally modified, nudieo tides, more preferably 7-14, 
most preferably 9-14 nucleotices, whichs bind to the! second 
segment of the target RNA seqt enc'e or the second segment of 
the single stranded cDNA sequence-. The person skilled in the 
art will understand that for fcinding of the anchor it is not 
required that all nucleotides in the anchor are complementary 
to the corresponding sequence in the second segment of the 
target RNA sequence. Thus, foi ' specif ic binding of the primer' 
to the target RNA sequence approximately at least 90% of the 
nucleotides of the anchor should be compleiaentary. This 
allows for a more flexible selection of the second segment 
without influencing the effici|$ncy of the amplification 
process » 

The nucleotides of the 
DNA, or modified nucleotides, 
(LNA) or 2»-0-methyl modified 



acids (PNA) . such modification^ provide either a more stable 

I 



.anchor can be both RNA and 
such as locked nucleic acids 
tucleotides, or peptide nucleic 
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anchor or enhance the specif it binding characteristics of the 
primer. 

Proteins, or fragment | derived thereof, which display 
specific binding to nucleic atid 'secjuences can also be used 
as the anchor. Proteins, or f::agiaents derived thereof, which 
are capable of binding to the second segment of the target 
RMA sequence or the second seipaent of the first single 
stranded cDNA sequence can be selected or designed by for 
example protein engineering, ^inamples of such protei;n8 are 
polyC-binding proteins, polyAjbinding proteins, proteins 
comprising one or more zinc-f ; nger, restriction enzymes, 
and/or antibodies and fragmenlis thereof such as scFvs, Fabs 

etc. 

The first and second segiftent of the target nucleic 
acid sequence preferably are Separated by 0, 1, 2, 3,, 4, 5 or 
6 nucleotides, more pref erabljl. by 0, 1, 2, 3 or 4 
nucleotides, and most preferably by 0, 1, 2 or 3 nucleotides. 
When more than 6 nucleotides « ire present between the two 
segments, the efficiency of tie two-step annealing of the 
primer and thus of the amplification is reduced. 

The single stranded Rtja transcripts produced during 
amplification are extremely svjitable for the use of 
hybridization-based detection jsystems with sequence-specific 
probes . The detection may take . place at the end of the 
amplification using electro-ch emiluminescence (ECL) . A 
specific capture probe, attached to magnetic beads via 
streptavidin-biotin interaction, is used to immobilize the 
RNA. transcript and a rutheniud-labeled detection probe 
hybridizes with the transcript^: Also other currently • known 
detecion methods may be used, Isuch as for example ^^enzyme 
linked gel assay" (ELGA) or fluorescence spectroscopy 



A very elegant detecti 
molecular beacons. Molecular b 



n method is the use of 
bacons are DNA oligonucleotides 



» 

I • 

r 



I. 
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labeled with a fluorophore at 
the 3 '-end of the sequence is 



to the target sequence of the 

binding of the loop sequence io the target sequence,! the 



10 

« 

the 5 '-end. The last part of 
complementary to the first part 



of the 5' -end and a hairpin s :eni is formed in such as way 
that a cruencher at the 3'-srid ^sorbs the emitted iigtit of 
the fluorophore. The hairpin ..oop sequence is complementary 

KNf. transcript. Because of the 



hairpin stem opens up and the 
the fluorophore. The increase 



detected by a fluorometer. Hyl)ridization with the RNA 



transcript takes piace during 



quancher becomes separated from 
in light emitted can be 



amplification enabling "real- 



time" detection. To quantify ihe amount of target nucleic 
acid in a sample, a calibrator- may be Included, which is 
added prior to the isolation c|f the nucleic acid and is co- 
extracted and co-amplified with the target nucleic acid. 

The detection probe msy be a target-specific, probe or 
may be a generic probe, i.e. cirected against a generic 
sequence incorporated in the lUA transcript, such as a 
sequence identical to the ampaification enhancing sequence. 

Thus, in a preferred ejmbodiment of the method 



according to the invention, tt. 



e target-specific probe 



30 



hybridizes to the RNA transcript, complementary to the target 
RNA sequence. According to another preferred embodiment, the 
generic probe hybridizes to the sequence identical to the 
amplification sequence of the §econd primer, enabling the use 
of one sequence-specific probe [for the detection of a wide 
variety of different aii5>lified target RNA sequences. • This 
results in a cost effective detection method (detection 
probes are in general relatively expensive to synthesize), 
and increases the chances for reproducible and quantitative 
detection, since the binding characteristics of the probe 
could be comparable in every aaplxfication method regardless 
of the starting materials or .tfie target RNA sequence. 



I 



I 
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The amplification metSiod *of the present invention is 
preferably used for the ampli lication of viral target RNA 
sequences, such as RNT^ isolat ed firom the human 
immunodeficiency virus (HIV) Ir RNA isolated from the human 
hepatitis C virus, which virutes have only partially 
conserved nucleic acid sequen^tes. 



30 



The invention further 



relates to primers coneprislng 



i: 



an anchor and a hybridizing sisquence. The primers according 
to the invention preferably cAmprise, going from the 5» end 
to the 3' end, an anchor, as <|lefined above, a transcription 
enhancing sequence or an amplification enhancing sequence, as 
defined below, and a hybridizing sequence of 7 to 14 
nucleotides, preferably 7 to lo nucleotides, as defined 

above . 

The use of the primer^^ comprising an anchor and a 
hybridizing sequence is not limited to Transcription. Based 
Amplification (TBA), but the si. primers can also be used in 
other amplification methods lake the Reverse Transcriptase ; 
Polymerase Chain Reaction (RT- PGR) . 

According to another aspect of the present invention, 
the invention relates to a kit . for the amplification and/or 
detection of a target RNA seqvence comprising at least one or 
more primers according to the invention. 

The kit according to ttie invention may further 
comprise one or more sequence- specif ic probes, an 
amplification buffer, and/or one or more enzymes, such as a 



DNA polymerase, RNAse H, and a 



•DNA-dependent RNA polymerase. 



DEFINITIONS { 

According to the preseit invention a target RNA 
sequence is defined as a specific segment of RNA which is to 
be amplified by an amplification method. 



1 



I 
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Hybridization is def imed .as the binding of a 

« 

contiguous nuiaber of nucleoti<les^ present in for example a 
primer, to the complementary hucieotides of for example a 
target RNA sequence • The hybr|.disation results in the 
formation of a double strandeji nucleic acid molecule. 

Annealing is defined ^s the association of a primer 
with a target nucleic acid seijuence by for example 
hybridization 

Specific binding is d^tfined as the preference for 
binding of a compound (such as a primer, or part of -a primer) 

sequence, as compared to the 



to a specific oligonucleotide 
binding of said compound to a 



if the compound only binds to 
15 sequence. 



iTandom nucleotide seq[uence 



under the used conditions. Thus a compound binds specifically 



one and the same nucleotide 



A nucleic acid sequence is designated complementary 
if all individual nucleotides of the nucleic acid sequence 
are complementary, for exampl4/ a oligonucleotide sequence 
reads S'-ATG ACC TGG-3' and tlje complementary oligonucleotide 



20 sequence reads 3 '-TAG TGG ACC- 

A template is defined 



5»-' 

as a nucleic acid molecule that 



is to be transcribed by a pol^jmerase. The synthesized 

transcript is complementary tc the nucleic acid molecule, or 

at least to one strand of the nucleic acid molecule. Both R»A 

25 and DNA are usually synthesieejd in the 5' to 3' direction. 

I 

A transcription enhancitng sequence is a nucleic acid 

sequence comprising a promoter^ for example T7, which is a 

non-specific sequence vis-a-vis the t&rget sequence. The 

transcription enhancing sequence may optionally comprise a 

purine stretch (mainly compose i by G and/or A) . It creates a 

loop between the anchor and ths hybridizing sequence ♦ 

An amplification enhancing sequence is a non-specific 

nucleic acid vis-a-vis the target sequence, but it comprises 

I 



I 
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no proraotor, i-e. only a randbm isequence that generates a 
loop between the anchor and tie hybridizing sequence. 

The invention will be further exemplified by the 
following Figures and Example^* These Figures and Examples 
5 are not intended to limit the '.present invention in any way 



FIGURES 

Figure 1 shows the legend used in the graphs of the 
subsequent figures . 

Figure 2; Amplif icaticin of HIV RNA (RNA transcript. 



500, 50 and 5 cps) with an anihor pi primer {Fig. 2B: HIV12, 
table 1) or a standard pi priijier (Fig- 2At HIVl, table 1), 
both in combination with a standard p2 primer (HIV2, table 1) 
and a molecular beacon (HIV^M]^-WT, table 1) as probe. A 
sample without template (NT) is used as negative control. 

Figiure 3: Schematic representation of anchor pi 
primer HIV12 (table 1) and pr4mer HlVll (table 1) without 

anchor . J 

Figure 4: Amplif icatioln of HIV RNA (RNA transcript, 
500, 50 and 5 cps) with a stardard pi primer (Fig. 4A: HIVl, 
table 1), an anchor pi primer *(Fig- 4C: HIV12, table 1), a pi 
primer without anchor {Fig. 4E : HIVll, table 1) or a 
combination of primer HIV12 and HIVll (Fig* 4D) . All' in 
combination with a standard p2!, primer (HIV2, table 1) and a 
molecular beacon (HIV-MB-WT, tjable 1) as probe. A saiaple 
without template (NT) is used as negative control. 

Figure 5: Amplification of HIV RNA (Total viral RNA, 
500, 50 and 5 cps) with a standard pi primer (Fig. 5A: HIVl, 
table 1), anchor primers with different anchor lengths 
varying from 22 to 7 nucleotidas (H1V12 (Fig, SB), 1? (Fig. 
5C), 20 (Fig- SD), 21 (Fig. SB), 22 (Fig. 5F) , table 1) • All 
in combination with a standard p2 primer (HIV2^ table 1) and 
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a molecular beacon (HIV-mb-WT| table 1) as probe. A sample 
without template (NT) is used as negative control. 

Figure 6-8: Amplification of HIV RMA (Total viral 
RNA. -^nn. 50 Bnd 5 cps) with, ■*^chcr prisiers vjith. diffcratit 
anchor lengths varying from 14; to 9 nucleotides (Hiyi7 (Fig. 
6A), 20 (Fig. 7A), 21 (Fig. BA) , table 1) and the same 
primers containing anchors with 2'-0-Methyl nucleotides 
(HIV17 MET (Fig. 6B) , HIV20 lyctTa & b (Fig. 7B and C)., HIV21 
METa & b (Fig. 8B and C) , tablte 1). All in combinati'on with a 

« 



10 standard p2 primer {HIV2) and 



a molecular beacon (HIV-MB-WT, 



table 1) as probe- A sample without template (NT) is used as 
negative control. 

Figure 9: Amplif icatic n of HIV RNA (Total viral RNA, 

SCO, SO and 5 cps) with a standard pi primer (HIVl, table 1) , 

• « 

anchor primers (HIV17 and HIV22, table 1) and pi primers 

* 

containing anchors with LNA niicleotides (HIV22 LlvlAl-4, table 
1) . All in combination with a standard p2 primer (HIV2, table 
1) and a molecular beacon (HI\'-MB~WT, table 1) as probe* A 
sample without template (NT) is used as negative control. 
Fig- 9A: standard PI primer HWl; Fig. 9B! anchor primer 
HIV22 LNAl; Fig. 90: anchor prjimer HIV22 LNA2; Fig. 9D: 
anchor primer HIV17; Pig. 9Ei anchor primer HIV22/ Fig, 9F: 
anchor primer HIV22 LNA3; Fig. 9G: anchor primer HIV22 LNA4. 

Figure 10; Amplification of HIV RNA (Total viral RNA, 
500, 50 and S cps) with anchox 'primers (Fig. lOA; HIV17 and 
Fig. IOC: HIV21/ table 1) and pi primers containing PNA 
anchors (Fig* lOBt HIV17 PNA abd Fig. lOD: HIV2I PNA^ table 
1) • 2U.1 in combination with a [standard p2 primer (HIV2, table 
1) and a molecular beacon (HIV-mb-WT/ table 1) as probe. A 
sample without template (NT) is used as negative control. 

Figure 11; Amplification of HIV RMA (Total viral RNA, 

« 

500, 50 and 5 cps) with standacd p2 primers (HIV2 (Fig. llA) 
and HIV26 (Fig. IIB), table 1) and anchor p2 primers (HIV27 
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* 

i • 

(Fig. IIC) and HIVZS (Fig- lip), 'table 1). All in combination 

with a standard pi primer (HIVl, table 1) and a molecular 

beacon (HIV-MB-WT, table 1) as probe. A sample without 

» 

template (NT) is used as nega :ive control » 

5 Figure 12: Amplification of HIV RNA (Total viral RNA/ 

* 

500, 50 and 5 cps) with anchot p2 primers with different 
anchor lengths varying from 2^ to 14 nucleotides (HIV27 (Fig. 
12A), 31 (Fig. 12C) , 32 (Fig.|l2D), 33 (Fig. 12E) , 29 (Fig. 
12B) , table 1] » All in combination with a standard pi primer 
10 (HIVl, table 1) and a molecular beacon (HIV-MB-WT/ table 1) 
as probe. A san^le without teziplate (NT) is used as negative 
control . 

Figure 13: Amplification of HIV RNA (Total viral RNA, 
500, 50 and S cps) with an andrhor pi primer {HIV17, table 1) 

15 in combination with a standarck p2 primer (HIV2, tabl^ 1) 

* • 

(Fig. 13B or anchor p2 primerfi. (HIV27 (Fig. 13C) and HIV29 

(Fig» 13D) , table 1) - The standard primer set (HIVl/ HIV2, 

» 

table 1} is used as a reference (Fig. 13A) • All in 

combination with a molecular beacon (HIV-MB-WT, table 1) as 

• • 

20 probe. A sample without template (NT) is used as negative 

control - I • * 

Figure 14: Amplif icatijon of HCV RNA (RNA transcript, 

! 

S X 10^, 5x 10^ and 5 x 10^ cpsp with an anchor pi primer 
(HCV13 (Fig. 14B) or HCV 46 (Pig. 14C) , table 2) or a 



25 standard pi primer (HCVl (Fig. 



14A), table 2), both in 



combination with a standard p2! primer (HCV2, table 2) and a 
molecular beacon (HCV-WT3, table 2) as probe. A sample 
without template (NT) is used as negative control. 

Figure 15: Amplification of HCV RNA (RNA transcript, 
5 X 10* and 5 x 10^ cps) with an anchor pi primer (HCV22 
(Fig- 15B) , table 2), having -a 3 nt gap between the anchor 

■ 

sequence and the 3' hybridizinj sequence. Anchor pi primer 
HCV13 (Fig* 14A) (table 2) is used as reference- Both • anchored 
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primers are combined with the 'standard p2 primer (HCV2, table 
2) and molecular beacon (HCV-f?T3/ table 2) . A sampl^ without 

' i 

template (NT) is used as nega :ive control . 

Fimirft .1.6: SchftinA aKo^ "fin^T s pr^^errBd e2!ibodiin,snt of 
the method according to the invention. PI: first primer; Y: 
transcription enhancing seque:i;ce; T7: T7 promotor sequence, 
H: hybridizing sequence; P2: second primer; X: amplification 



■ « 



enhancing sequence; H: hybridizing sequence* 



i 



10 EXAMPLES 



EXAMPLE 1 



r 



Amplification of HIV RNA with 



1 



anchor r>l primer 



Scott Layne HIV particles (HIV-infected cells (Layne 
et al (1992)/ Virology 189: 6^'5-714) lysed with lysisbuffer 
(NucliSens, BioMerieux) ) or HIV gag RNA transcript were used 
as input material for amplification. Inputs of 500/ 50 and 5 
cps were tested. Amplif icatioii was performed in NA5BA buffer 
(40 mM Tris-HCl pH 8.5, 12 mM MgClz/ 70 mM KCl, 15% v/v JMSO, 
5 mM DTT/ 1 mM each dNTP, 2 xcHA ATP/ 2 mM CTP, 2 miM UTP/ 1.5 



mM GTP/ 0*5 mM ITP/ 0,2 pM of 

(PI) and reverse primer (P2)/ 
beacon probe (HIV-MB-WT, tabid 
for 2 min at 65 *C to denature 
to hybridize the Pi primer to 
enzymes (0.08 units RNase H, 3 



each primer (forward primer 

table 1)/ 0,1 pM molecular 

'1). The mixture was incubated 

the RNA and for 2 min at 41'C/ 
I 

the target. Subsequently, NASBA 
2 units T7 RNA polymerase/ 6.4 



units AMV reverse transcriptase and 2,1 )ig BSA) were added/ 



the reaction mixture was mixed 
centrifugatiou/ and the amplif 



by gently tapping and -short 
Ication and real-time detection 



was started. The reaction mixture was incubated at 41 'C in 
the NucliSens EasyQ Analyzer ( ilucliSens, BioMerieux) for 60 
minutes with fluorescence monitoring every minute. The 
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! 

reactions were excited at 485{ nm and the emission signal was 
measured at 518 nm. 



Amplification with an 



anchor pi primer (HIV12/ table 

1) was performed in combinatipn v/ith a standard p2 primer 
(HIV2/ table 1) - The anchor primers consist of a 22nt anchor 

I 

sequence upstream of the T7-p romoter sequence and 7nt 
hybridizing sequence downstream of the T7-promoter sequence. 
Amplification with standard p . primer (HIVl, table I) and 
standard p2 primer (HIV2, table 1) was used as reference. The 
results show that sensitivity of amplification with the 
anchor primer is comparable t<|> the reference primer (figure 

2) • 



Amplification of HI V RMA with 
hybridisation se cpiencQ 



p1 primer with verv short 



Amplification with a jjl primer identical to HIV12, 

table 1/ figure 3) , cpntaining 
specific sequence of 7 
combination with a standard p2 
nd HIV12 (table 1) were used as 



but no anchor sequence (HIVll/ 
only the 3' hybridizing target 
nucleotides, was performed in 
primer (HIV2, table 1) . HlVl e 
reference. Aiaplif ication was pjerformed as described in 
example !• As shown in figure 4, no amplification was 
observed with primer HIVll (Fig. 4B) , indicating that the 
anchor sequence is required, for efficient amplification. The 
anchor is assumed to be necessary during the initiation of 
the reaction and not in the civile phase. Therefore, addition 
of a non-anchored primer can bte of advantage during the 
cyclic phase of the reaction. When using both the anchor 
primer HIV12 and primer HIVll In one and the same 
amplification reaction/ a slight Mnprovement of the reaction 



kinetics was observed (figure 



t 
I 

I 



14. NOV. 2003 12:29 



ARNOLD & SIEDSMA AMS 



TS22 



m an?fi p n \ 

14 .11.2m>3 — ITTT 



|18 



EXAMPLE 3 



10 



15 



20 



Amplification of HIV RNA withrandhor p1 primers with 



different anchor lengths 



To Investigate what miniid\aa length of the anchor, 

still results in a specific ailaplificatlon, primers with 

different anchor lengths were | designed. Amplification with 

anchor primers with different anchor lengths (deleted from 

the S'end) varying from 22 to 7 nucleotides (HIV12, 15, 16, 

17/ 20, 21, 22, table 1) was performed in combination with a 

standard p2 primer (HIV2, tabi.e 1) . The standard pi .primer 

HIVI (table 1) was used as reirerence. Amplification was 

performed as described in exaiiple 1. Deletion up to 14 

nucleotides still results in <ii efficient amplification as 

compared to the references (]|[IV1 standard primer anid HIV12 

I 

anchor primer) (figure 5) . Ho^^ever, anchor lengths below 14 
nucleotides show very little no amplification. The 
hybridisation temperature of 14 nucleotides or more is 



expected to be higher then 41' 



C (amplification temperature) 



Shorter anchors could have hybridization temperatures below 
41 'C/ which may explain inefficient amplification, 



30 



EXAMPLE 4 



25 Amplification of HIV RNA with 



Methyl modified nucleotides in 



« 

anchor pl primers uslncf 2^~Q- 



.anchor sequence 



in order to increase tie binding efficiency of the 
anchor, 2'-0-Methyl modified njiicleotides are incorporated in 
the anchor. Primers with anchojr lengths of 14nt {HIV17 MET, 
table 1)/ 12nt (HIV20 MBTa & b, table 1) , 9nt (HIV2i METa & 

table 1) and 7nt (HIV22 MET^ & b) were used in 
araplification. The expected melting temperature increase is 
about 1.5 *C per incorporated 2''-0-Methyl modified nucleotide. 



I 

I. 
I. 
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A standard p2 primer (HIV2, t^ble 1) was used as reverse 

I 1 • 

primer » Amplification was performed as described in j example 
1. Using these anchor primers] jwith 2'-0-Methyl modified 



nucleotides clearly Improves 



J 
I 



aiiipllfication reaction (rigur^s in particular when 



using anchors shorter then 14 
HIV20 MET and HIV21 MET) . 7nt 



he sensitivity of the! 



^nucleotides. (12 &. 9nt anchors 

k * 

•anchor primers with 2'.-o-Methyl 
modified nucleotides {HIV22 MpT) turn out to be too .short 
(result not shown). Probably/ 1*7 nucleotide anchors, 'even with 
2'-0-Methyl modified nucleotic^tes/ have hybridizatiori 
temperatures below 41 'C, expl^aining inefficient 
amplification , 



EXAMPLE 5 



Amplification of HIV RNA with j Anchor pl primers usiiiea LNA 
(Locked Nucleic Acid) nucleoticies in anchor sequence' 

In order to increase t!he binding efficiency of the 



anchor, LNA nucleotides are ir 
expected Im increase is about 



corporated in the anchor- The 
3-8 'C per incorporated* LNA 



nucleotide- Four different anqhor pl primers with anchor 
lengths of 7nt {HIV22 LNA It/A^r table 1) were used in 
amplification. All these anchcjr pl primers were testpd in 
coBftbination with a standard p2: primer* Itoplif ication was 
performed as described in exaxtple 1. Compared to the 7nt DNA 
anchor primer HIV22/ LNA anchor primers clearly results in an 
improved sensitivity of amplification (table 1) (figure 9) - 
Compared to the 14 nt anchor pjrimer HIV17 (table 1) 6r the 



standard pl primer HIVl (tabl^ 



30 LHA anchor primers is less. Tha position of the LNA 



nucleotides in the anchor sequ 
amplification efficiency as a 



1)/ the performance of these 



^nce seems to effect 

:)etter sensitivity is obtained 



:l 
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I 

using the anchor primers HIV 22 LNA 3 and 4 (table i) 
compared to the primers HIV22i*LNAl and 2 (table 1) , ; 



I 



EXAMPLE 6 



AmtPlif ication of HIV RNA withlianchor primers using PNA 
f Peptide Nucleic Acid) in anchor ! sequence * 



In order to increase; the binding stability at the 
anchor, PNA nucleotides are ixicorporated in the anchor. 

10 Primers with anchor lengths ;of 14nt {HIV17 PNA, table 1)^ 
12nt (HIV20 PNA, table 1), 9ixi (HIV21 PNA, table 1) and 7nt 
(HIV22 PNA, table 1) were used iii amplification in • 
combination with a standard p^; primer (HIV2, table 1) • All 
the anchors contain complete ]|*NA sequences. Amplification was 

15 performed as described in example 1. Although a 10-jBold 
decrease in sensitivity was b]:i»served as compared to DNA 
anchor primers, also the PNAranchored primers were shown to 
be functional in NASBA ( figure i. 10*) . 



20 EXAMPIiE 7 



Amplification of HIV RNA with lancnor p2 (reverse) primers 
Amplification with anohor p2 primers (HIV27 and 



HIV29# table 1) was performed 



in combination with a standard 



25 pi primer (HIVl, table 1) . Standard p2 primers (HIV2 and 

t 

HIV26, table 1) were used as a! reference in combination with 
standard pi primer (HIVl, tablje 1/ . Amplification was 
performed as described in example 1, For both amplifications, 
kinetics and amplification sensitivity was observed to be 
30 comparable to the reference amslification (figure 11) . 



EXAMPLE 8 



■ • 



tl 
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■ I 

Amplification of HIV RtlA with! anchor p2 primers with 
different anchor lengths j. ] 

Amplification with anchor p2 primers v/ith different 
anchor lengths varying from 2fe to 14 nucleotides (HIV27^ 31/ 
32, 33 and 29, table 1) was pferfortaed in combination with the 
standard pi primer (Hivi,, tabiLe 1) . Amplification was 
performed as described in example 1. Shorten the anchor 
sequence of the p2-primers to 14 nucleotides results in 
comparable amplification effi<:iency as compared to t;he 
reference (HIV27 anchor primeJr, table 1) (figure 12)'- • 



EXAMPLE 9 



■ 

I 



Am p;Lification of HIV RNA with anchor p1 primer and atnchor t)2 



15 primer 



Amplification with anchor pi primer (HIV17, table 1) 

■ 

and anchor p2 primers {HIV27 end HIV29, table 1) resulted in 
comparable amplification effidiency compared to the standard 
primer set (HIVl/ HIV2/ table |l) (figure 13) . Amplification 



20 was performed as described in 



example 1^ 



EXAMPLE 10 



I 



Amplification of HCV RNA with lanchor pi primer 

Also for the amplificajtiion of HCV RNA a NASBA was 
designed making use of an anchjor pi primer- Amplification 
with anchor pi primer (HCV13 o|r HCV 49, table 2) and a normal 
p2 primer (HCV2^ table 2) was ber formed. The anchor primers 
consist of a 14 nt anchor sequence upstream of the T7- 
promoter sequence and 7nt hybriidir.ing seciuence downstream of 
the T7--promoter sequence. Amplification with standard pi 
primer (HCVl, table 2) and standard p2 primer (HCV2, -table 2) 
was used as reference. Molecular beacon HCV-WT3 (table 2) is 
used as probe and in vitro obtained HCV RNA transcript as 



I 
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Amplification of HIV RNA wlthi anchor d2 primers with 

1 

different anchor lengths !. 

I ' 
Amplification with anphor p2 primers with different 

anchor lengths varying from 2fe to 14 nucleotides (HIV2*7, 31, 

32, 33 and 29, table 1) was performed in combination with the 

standard pi primer (Hivi, tabfl;e 1) . Jtoplif ication was 



performed as described in example 1* Shorten the anchor 
sequence of the p2-primers to 14 nucleotides results in 
comparable amplification efficiency as compared to t;he 
reference (HIV27 anchor prime: r, table 1) (figure 12)^ 



EXAMPLE 9 



Amplification of HIV RMA with anchor nl primer and aaichor n2 



T 

primer 

Amplification with cuacbor pi primer (HIV17, table 1) 

i 

and anchor p2 primers {HIV27 end HIV29, table 1) resulted in 
comparable amplification efficiency compared to the standard 
primer set (HIVl/ HIV2, table jl) (figure 13). Amplification 



20 was performed as described in 



example 1. 



I 



EXAMPLE 10 

Amplification of HCV RNA with lanchor d1 primer 

% 

Also for the amplif icajtion of HCV RNA a NASBA was 

25 designed making use of an anchjor pi primer. An¥>lif ication 

with anchor pi primer (HCV13 ojr HCV 49, table 2) and a normal 

I 

p2 primer (HCV2f table 2) was performed. The anchor primers 

■ 

consist of a 14 nt anchor sequence upstream of the T7- 

■ 

promoter sequence and 7nt hybrLdir.ing sequence downstream of 
30 the T7-promoter sequence. Amplification with standard pi 

primer (HCVl/ table 2) and standard p2 primer (HCV2, -table 2) 
was used as reference. Molecul ir beacon HCV-WT3 (table 2) is 
used as probe and in vitro obtained HCV RNA transcript as 



S>AEPO<OEB I 
DQl . 



f .4 NOV 2003 



zecHN. 



14. NOV. 2003 12:43 



ARNOLD & SIEDSUA AMS '< 



HO 3n7fi p :in 

001 14.11.2003 



22 

input. Amplification was performed as described in example 1 
except that the denaturing stfep at 65 'C was performed for S 
minutes instead of 2 minutes. Although differences in 
sensitivity and kinetics are observed/ the results show that 
anchored primers can be used iCor » amplification of HGV RNA 
(figure 14) • 



£XAMPI£ 11 



I. 



10 Amtalification of HCV RNA withjanqhor Pi primer, havilnq a 3nt 

gap between the binding site of tjhe anchor and the 

hybridizing secmence ; 

I 

Amplification with andhor pi primer (HCV22, itable 2} 
and a normal p2 primer (HCV2^ ;taMle 2) was performed. In this 

15 anchor/ a 3 nt gap separates the binding site of the anchor 
sequence from that of the Tnt'S*^ 'hybridizing sequence. 
Amplification with anchor pi j^rizoler HCV13 (table 2) and 
standard p2 primer (HCV2/ tabjje 2') was used as reference. 
Molecular beacon HCV-V9T3 (tabie 21} is used as probe ^d in 

20 vitro obtained HCV RNA transci^ipt. as input. Amplification was 
performed as described in Example' 10. The results show that a 
3 nt gap can exist between the bihding site of the anchor and 
that of the 3' hybridizing sequenpe (figure IS) , and that 
these anchored primers can be jused to bridge non-conserved 

25 nucleotides in the primer-binc^ing site^ 
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Table 1 





1 • 

SeQuence S*'> 3' 








standard pnmers 


HI VI (pi) 


AATTCTMTACGACTQACTATAQGQ TGCTAtGTCACTTCCCCTTGGTTCTCTCA 


(p2) 


AOT66i8GC3GAGATCAA6CAGCCAT6CAAJ| 




HIV2$ (p2) 


A6TG6G6GGACATCAA6CAGC 


1 








HIV11 


AATTCrAArACGACTCACrArAG(SG AAACG 


?GC4CG>i|GC TCTCTCA 










Anchor pi primers 


« 


NiV12 


TGCTATGrrOACrrCCCCrrGGT AATTCTAA 


'^CG^icrcjicrArAGGG AAACGGqip£iCGj^Gn TCTcrriA 


HfVIS 


CTATGTCACTTCCCCTTOGT AATTCTAAi 


'ACGACTCACrATAGGG AAACGGGC/^CG^p.p TCTCTCA 


HiVIB 


TGTCACTTCCCCTTGGT AATTCTAAllACGACTCACTATAGGG AAACGGGCACGAGC TCTCTCA 


HIV17 


CACTTCCCCTT6GT AATTCTAAT^CGACTCAQTATAGGG AAACGGGCACGAGC TCTCTCA 


Htvao 


CTTCCCCTTGGT AATTCTAAVfiCGAOTCACTATAGGGjAAACOGGCACGAGC TCTCTCA 


H1V21 


CCCCTTGGT AATTCTAAVfiOGACTCACTATAGGG AAACGG(SCACGAGC TCTCTCA 


HIV22 


CCTTGGT ^rrCTAA7{4CGAC7C>lcr/irA(»6G AAACGGGCACGAQ^ TCTCTCA 








Anchor pi primots with 2''O-M0ihyl nudBotldoi 


\m wchor 


HIV17 MET 


CACTT^^TSi^ ^A7TCrAAr/JCG/lCrC>liCrAT-AGGG AAACGGGCACGAGC TCTCTCA 



HIV2Q METa 



HIV20 METb 
HIV21 METa 



HIV21 METb 



HIV22 METa 




A/\rrCTMrACG/^CTCACTATAGGG AMCGGGCACGAGG TCTCTCA 
M7TCT>UrACGACrc4cr/>r/^GGG AAACGGGCACGAGQ TCTCTCA 
AATTCrAATA0GACTC4CTATAGGG AAACGGGG^^SSJ^AGCJCTCTCA 



S^jgrnggr AATTCTAATACGACTCACTATAGGG £^ACGGGCACGAGCJCTOrCA 
AArrCTAATACGACTCACTATAGGG AAACGGGCACGAGC TCTCTCA' 



HI\/22 METb 



^^Wm AATTCTAATACGACTCACTATAGGG AMCGGGCACGAGC TCTCTCA 



Anchor pi print^fs wjih LNA nuaieoSdes !/> ancflof 



HIV22 LNAi 



AATTCTAATACGACTCACTATAGC G AAACGGGCACGAGC TCTCTCA 



H1V22 LNA2 



CC^^^S^ AATTCrAATACOAOrCACrATAGgG MACGGGCACq^GCrCTCTCA 
l^mgjffl' AATTCTAATACGACrCACTA TAGGG /j^A ACGGCCACGAGC TCTCTCA 
StS^ AArrcrAATACGACrC/\Cr^TAG<^G AAACGGGCAQGAfifi TCTCTCA 



H1V22 LNA3 



HIV2a LNA4 



Anchor pi p/imB/s wUh PNA Mchor 



1 



1 



HIV17 PNA 



HiV20 PNA 



, >M7TCrAflXaCG/\CrC/lCMr^GGG AAACGGGCA CGAGC TCTCTCA 
'^AATTCTAATACGACTC^OTATAGGG^AAACGGGCACGAGC TCTCTCA 



HIV21PNA 



^^^^i AATTCrAAr^CGACTCACT-ATAGGg ^ACGGGCACGAGC TCTCTCA 



H\\f22 PNA 



/V^rrCrAArACgACrC^Cr^rAgGGAgACGGGCACGAGC TCTCTCA 





Anchor p2 primers j : 


HIV27 


AOTGGGGGGAC ATCAAGCAGCC G/2ICTrC^GG»Crrc/)Gq^ATGC AAA 


HIV31 


GGGGGACATCAAGCAGCC GACrrC;\ 


G^CTTC^G^ ATGCA A A 


HW32 


GGGACATCAAGCA6CC GACTff^A 


3GACTTCAGG ATGCAAA 


HJV33 


SACATCAAGCABCC GACTTCA 


SGJfiCTTCAGG ATGCAAA 


HiV29 


AGTGQ6GGGACATC GACTTCAGGACTTGIA^G AAGCAGC 








Molecular beacon forrss) time dotocdon | 



Target specifrc sequence in bold, Ti 
piuners) or X sequence (p2 primers) 
anchor with grey background 



* 

promoter sequence In Ratio, Y sequence (pi 
in lalic and underlined, modified nucleotides in 
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1 1 

SBQuence 5'-> 3' } 








Standartf primers | \ 


HCV1 (p1) 


AArrCTAArACOAQTCACTArAGGG CAAOCilcCCTATCAGGCAGTA : 


HCV2 (p2) 


GTCTA6CCATGGCGTTAGTA 




1 




Anchor pi prfmets . | 


HCV13 


CAAGCACCCTATCA AATTOTAATACGAGTQ/ 


CTATAGGG AAGAGGGCACGAGC GGCAGTA 


HCV22 


TCGCAAGCACCCTA AATrCTAATACGACTCA 


CTATAGGG AAGAGGGCACGA^^Q GGCAGTA 


HCV48 


QAAQCAGCCrATCAAATTCTAATACGACrC/^TArAGGG ^£j^GAGCACGAGC G6CA6TA 








MofBct/tsr beacon fyrf9elfun9d9tQQtioa i 


HCVWT3 


gctagc ATTTGGGCGTGCCCCCGCIAGA gctagc (5* FAM / 3* dabcy] labeled) 



Target specific sequence hi bold. 77; promoter sequence in italic. Y sequence (p1 

pnmerB) or X sequence (p2 primeis) In ttallc and underlined \ 



. II 



44-HQy_24 0 3 12: 44 AfiMOU)-&-SiE»SMAJUaS. 
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!• Method for amplifij^ati on of a target RNA »sequence 
r.nninri singr th^ following stcpb: 

■ 

5 (a) annealing a first pr'imer to the target RNA j 

sequence/ said first priin^r comprising a hybridizing 

sequence, which is coiopLeAientary to and hybridizes to 

« 

at least a first segment of the target RNA sequdnce, 
operatlvely associated wi^h a promoter sequence;' 
10 (b) extending said first* primer in a reaction 

catalyzed by a DMA polymeirase, forming a first 
RNA/cDNA hybrid nucleic aoid molecule; i 

(c) selectively removing* the target RNA secpiencej of 
the first RNA/cDNA hybrid 'nucleic acid molecule J 

15 forming a first single stranded cDNA sequence; j 

(d) annealing a second primer to the obtained first 
single stranded cDNA sequence, said second primesr 

coit^rising a hybridizing' Sequence which is 

• ' i 
complementary to and hybriidizes to a first segment of 

20 the first single stranded ^cDNA sequence; ; 

* 

(e) extending said second primer in a reaction ' 

catalyzed by a DNA polymeijase to form a first double 

stranded DNA molecule; and 

! I 

(f) employing the first doSCible stranded DNA molecule 

, I • • 

25 of step (e) in the preparaition of a plurality of! RNA 

transcripts that are compllementary to the target! EOCl 

sequence in a reaction catplyzed by a DNA-depend^nt 

RNA polymerase with specif jicity for the promoter' 

sequence comprised in the first primer; * 

30 wherein the first primsr comprises a hybridizing 

sequence of 7 to 14 nucleotides, a transcription enhancing 

sequence/ and an anchor which is capable of binding to a 

second segment of the target RNA sequence^ and/or wherein the 

« 

■ t 

•I ' 

: : 

I 

■ I 
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!26 i 
i 

second priiaer comprises a hybp^idizing sequence of 7. to 14 
nucleotides, an amplification enhancing sec[uence and an 
anchor which is capable of bihding to a second segment of the 
first single stranded cDNA. . ' 



« 

2, Method according to' claim 1, further comEjrising 

the steps of: 

(g) annealing the second irimer to the RNA 



10 



15 



20 



25 



30 



transcripts produced in sttep (f ) ; 



(h) extending the second primer in a reaction | 
catalyzed by the DMA polymerase to form a secondj 
RNA/cDNA hybrid nucleic acjiid molecule; * 



(i) selectively removing tthe RNA of the second • 

RKA/cDNA hybrid molecule Up obtain a second single 

stranded cDNA molecule; ;! . , 

} • 
(j) annealing the first primes to the obtained second 

single stranded cDNA sequence; | 

(k) extending the 3^ end df the second single , 

stranded cDNA molecule in |a reaction catalyzed by the 

DNA polymerase using the ^irst primer as a template 

to form a second partly do|uble stranded DNA molecule 

comprising a double strancied promoter site; ] 

(1) employing the second dbiable stranded DNA molecule 

of step (k) in the preparaltion of a plurality of RNA 

transcripts complementary jtio the target RNA secjuence 



in a reaction catalyzed by 



;the DNA-dependent RNA' 



polymerase with specific! tj^r for the promoter sequence 
in the first primer. 

I : 

3» Method as claimed iW claim 1 or 2^ wherein the 

r ' 

first primer comprises, going Pro* the 5' end to the 3» end/ 
an anchor, a transcription enh toeing sequence, and a 

■ 

hybridizing se<iuence consisting of 7 to 14 nucleotides which 



r. 
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25 



are complementary a first seginent of the target RNA^'secjuence 
of 7 to 14 contiguous nucleotides. : 

4. Method as claimed in clsir?. 1 cr 2, v/hcrcin the 

• * 

second primer comprises of, going from the 5' end to the 3' 

end/ an anchor/ an aic^Ii float ion 'enhancing sequencer* and a 

hybridizing sequence consistin^g of 7 to 14 nucleotides which 

are complementary a the first segment of the first single 

stranded cDNA sequence of 7 t6i 14 contiguous nucleotides- 

■ 

« • 

5. Method as claimed in any of the claims l-i4 wherein 

the hybridizing sequence comprises 7-10 nucleotides jwhichare 
complementary a first segment of the target RNA sequence of 7 
to 10 Contiguous nucleotides • , 

* 

i 

6. Method as claimed i|n any of the claims 1-5/ 
wherein the anchor is an, optiionally modified, 

oligonucleotide, comprising 7 Ito 22, optionally modified/ 

• • - 

nucleotides/ which binds to the second segment of the target 

I 

KNA sequence or to the second jsegment of the first single 
stranded cDNA. molecule. I 

! 

7. Method as claimed ilti claim 6, wherein the anchor 
is an, optionally modified, oMgonucleotide, comprising 7 to 
14, preferably 9 to 14, optionally modified nucleotides. 



30 



8. Method as claimed iii claim 6 or 7, wherei^ the 
anchor comprises DNA, RNA, 2'c|7methyl modified nucleotides 

a 

and/or LNA. 



9. Method as claimed ilx any of the claims 1-S wherein 
the anchor comprises PNA. 



I 
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10. Method as claimed 



28 



in any of the claims 1-5/ 



wherein the anchor comprises ^ protein, or fragments derived 
thereof/ which bind(s) to the i second segment of the* target 

RNA sequence or the second se^emt of the first single 

i . ' 
S stranded cDNA. molecule* ^ • 



10 



11. Method as claimed'ln claim 10/ wherein the 

j 

protein, or fragments derived' thereof, are chosen from the 

group consisting of a RNA binding protein, a polyC-iiinding 

* j 
protein, a polyA-binding protein -and a protein comprising a 

zinc-finger, a restriction en?ym^, and an antibody, or 

fragments thereof. \ \ 



12. Method as claimed jin Vny of the claims l|-ll, 

» 

15 wherein the second segment is! separated from the fir;st 
segment by 0 to 6 nucleotides/, preferably by 0 to 4 
nucleotides, more preferably by 0 to 3 nucleotides. 



20 



25 



13 « Method as claimed 
wherein the transcription enhe 
5 • -AAACGGGCACGAGC-3 » . 



in any of the claims 1M2, 
ncibg sequence reads: * 



! 



14 < Method as claimed 'in any of the claims 1^13, 

wherein the amplification enhancing sequence reads; 

» 

5 ' -GACTTCAGGACTTCAGG-s!' . 



30 



15. Method as claimed jin any of the preceding claims 



1 to 14, wherein the promoter jsequence is the bacteriophage 

t i 
T7 promoter sec^ence. I i 



16 « Method as claimed in ^ny of the preceding claims 

sra^e is the avian 
transcriptase . 



1 to 15, wherein the DNA polym 
myeloblastosis virus (AMV) 



reverse 



ilUlQL!Li_SJMSMfLAMS_ 



10 
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17. Hethod as claimed 'in any of the claims 1-16, 

wherein the target RNA sequence is a segment of the human 

ixnmunodeficiency virus (HlV).i- 

• * • 

i . : 

18. Method as claimed. 'in any of the claiias li-17, 

wherein the target nucleic acixi is a segment of the human 

» 

hepatitis C virus. ! • 

19. Method as claimed jsLn any of the preceding claims 
1-18, wherein the RNA transcripts are detected by one or more 
sequence-specific probes. 



15 



20 



25 



30 



20. Method as claimed i in claim 19/ wherein tflie 

• • 

sequence-specific probe hybriqliizels to a sequence identical to 
the amplification sequence of Ithe second primer. • 



21. Primer comprising a hybridizing sequence'/ which 

a 



1 * i 
is complementary to and hybridizes to a first segmemt: of 

target M3A sequence, and an aijfchor binding to a second 

segment of the target RNA sequence. 



22. Primer, comprisin^Ij going from the 5' end to the 
3' end, an anchor^ a transcrigtioh enhancing sequence or an 
amplification enhancing sequence, . and a hybridizing sequence 
of 7-14 nucleotides, preferabljy 7^10 nucleotides. j 

I 

■ 

23. Primer as claimed jsju claim 21 or 22, wherein the 
anchor is an/ optionally modiflfied/ oligonucleotide, 
comprising 7 to 22, optionallyjimodif led, nucleotides, which 
bind to the second segment of fche. target RNA. sequence or to 
the second segment of the firsfi single stranded cDNA* 
molecule . 
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24. Primer as claimed, in ; claim 23, v/herein anchor 
is Biif optionally modified, oiigonucleotide, comprising 7 to 
14, preferably 9 to 14, optionally modified nucleotides. 



! 



26. Primer as claimed | in claim 21 or 22, wherein the 
anchor comprises DNA, RNA, 2*p-mtthyl modified nucleotides 



and/or LNA nucleotides 



i 



27. Primer as claimed! in claim 21 or 22, whejrein the 



10 anchor comprises PNA. 



28. Primer as claimed lin ^claim 21 or 22, whdreln the 
anchor comprises a protein, o|' fragments derived thereof, 
which are capable of specific j binding to the second segment 
15 of the target RN2V sequence or | the. second segment of the first 



20 



25 



30 



single stranded cDNA sequence; 

I 

I • 
I • 

I I 

29. Primer as claimed lin claim 28, wherein the 

protein, or fragments derived jthereof , are chosen f rpm the 

group consisting of an RNA birjding protein, a polyC-binding 

protein, a polyA-binding protein and a protein comprjLsing a 

zinc-finger,- a restriction enzyme, and an antibody or 

[ 

fragments thereof. ; 

I 

30. Primer as claimed dn any of the claims 2:j.-29, 
wherein the transcription enhalncing sequence reads 

5 ■ -AAACGGGCACGAGC-3 ' . 



31 • Primer as claimed Ln any of the claims 21-30, 
wherein the amplification enhajacing sequence reads 

S » -GACTTCAGGACTTCAGG-3 



.14Jjava003-l-l:-46. 
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32. Primer as claimed in any of the claims 21-31, 
wherein the promo tor sequence' is the bacteriophage ?7 
promotor sequence. i. 



33. Kit for the axtqplif ication and/or detecti»on of a 
target RNA sequence, coroprisllig least one or more primers 
as claimed in claims 21-32. I * i 



34. Kit as claimed in ^ claim 33, further comprising 
10 one or more sequence-specificj probes, an amplification 
buffer, and/or one or more enzymes. ' 
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ABSTRACT 



Tlie invention relates to a method for aiaplific^tion 
of a target RNA sequence,^ wherbin ^the first primer coAqprises 
5 a hybridizing seqpaence of 7 to! 14 nucleotides^ which is 
capable of binding to a first segiAent of the target RNA 
sequence/ a transcription enhancing sequence,^ and an anchor 
which is capable of binding to a qecond segment of the target 
RNA. sequence/ and/or wherein the siecond primer comprises a 

10 hybridizing secjuence of 7 to 14| nucleotides/ an azc^lif ication 
enhancing sequence and an anch^bic which is capable of binding 
to a second segment of the fir^t single stranded cDNk.* The 
invention further relates to primers for the amplification of 
target RNA secjuences and to a kit comprising one or more of 

15 the primers. ' i 
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Defective images within this document are accurate representations of the original 
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Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 
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□ FADED TEXT OR DRAWING 
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□ G^Y SCALE DOCUMENTS 

r 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: , 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
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